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IncinerationThe regions of Durham and York in Ontario, Canada have partnered to construct an energy-from-waste (EFW)
thermal treatment facility as part of a long term strategy for themanagement of their municipal solid waste. In
this paper we present the results of a comprehensive ecological risk assessment (ERA) for this planned facility,
based on baseline sampling and site speciﬁc modeling to predict facility-related emissions, which was subse-
quently accepted by regulatory authorities. Emissions were estimated for both the approved initial operating
design capacity of the facility (140,000 tonnes per year) and the maximum design capacity (400,000 tonnes
per year). In general, calculated ecological hazard quotients (EHQs) and screening ratios (SRs) for receptors
did not exceed the benchmark value (1.0). The only exceedances notedwere generally due to existing baseline
media concentrations, which did not differ from those expected for similar unimpacted sites in Ontario. This
suggests that these exceedances reﬂect conservative assumptions applied in the risk assessment rather than
actual potential risk. However, under predicted upset conditions at 400,000 tonnes per year (i.e., facility
start-up, shutdown, and loss of air pollution control), a potential unacceptable risk was estimated for freshwater
receptors with respect to benzo(g,h,i)perylene (SR = 1.1), which could not be attributed to baseline conditions.
Although this slight exceedance reﬂects a conservative worst-case scenario (upset conditions coinciding with
worst-case meteorological conditions), further investigation of potential ecological risk should be performed if
this facility is expanded to the maximum operating capacity in the future.
© 2013 The Authors. Published by Elsevier B.V. Open access under CC BY-NC-ND license.aminant of potential concern;
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The regions of Durham and York in Ontario, Canada have partnered
to build a new energy-from-waste (EFW) thermal treatment plant as
part of a long-term sustainable solution for managing their municipal
solid waste. Energy-from-waste facilities can signiﬁcantly reduce the
volume of waste (by N90%) while producing energy for use in the sur-
rounding community (Rushton, 2003). Research and monitoring
programs around similar modern EFW facilities in Europe suggest that
these facilities are not hazardous to human health or the environment
(Bordonaba et al., 2011; Cangialosi et al., 2008; Lee et al., 2007;
Morselli et al., 2011; Rovira et al., 2010; Schuhmacher and Domingo,
2006). However, as no similar facility has been constructed in Ontariolicense.
Table 1
Project scenarios considered in the ecological risk assessment.
Project scenarios Case Conditions assessed
Existing
conditions
Baseline Existing conditions in the assessment area.
No facility-related emissions or exposures
were included as thiswas completed prior
to construction and operation of the
facility.
Baseline trafﬁca Offsite vehicle trafﬁc emissions prior to
the start-up of the facility.
Construction Construction Construction and commissioning of the
facility.
Operation Project alone Emissions from the facility alone.
Project
(baseline + project)
Emissions from the facility combined
with existing/baseline conditions.
Process upset Emissions from the facility operating at
upset conditions (i.e., facility start-up,
shutdown, and loss of air pollution
control).
Process upset
project
(baseline + upset)
Emissions from the facility operating at
upset conditions combined with
existing/baseline conditions.
Trafﬁca Emissions from offsite and onsite trafﬁc
associated with the facility combined
with baseline trafﬁc conditions and
onsite stationary source emissions for
the facility.
Decommissioning Decommissioning
(closure period)
Emissions related to the removal of
infrastructure and rehabilitation of the
site.
a Trafﬁc cases only considered phytotoxicity due to direct exposure (in air) to trafﬁc
related emissions of SO2, NO2 and HF.
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mental assessment (EA) process that this new facility would not cause
any undue toxicological risks to local human or wildlife receptors.
Therefore, extensive human health and ecological risk assessments
(HHRA and ERA, respectively) were undertaken. In this paper we
describe the methods and results of the ERA component of the EA, the
purpose ofwhichwas to evaluate the potential that ecological receptors
(e.g., mammals, birds, plants andﬁsh)may experience adverse environ-
mental effects as a result of exposure to chemical emissions from
the proposed EFW facility. The methods and results of the HHRA
are provided in a separate publication (Ollson et al., 2013). The ﬁnal
EA for this project, which included both of these risk assessments,
was submitted to the Ontario Ministry of the Environment (MOE) in
2009 and received approval in 2010. Following this approval, project
construction was initiated in 2011 and facility start-up is anticipated
by the end of 2014.
2. Material and methods
2.1. Scope of the assessment
This ERA, like the HHRA, followed a recognized framework that
progressed from a qualitative initial phase (i.e., problem formulation),
through exposure and hazard assessments, and concludedwith a quan-
titative or semi-quantitative (in the case of aquatic and terrestrial
community-based receptors) risk characterization. The risk assessment
methodology for this ERA was based on a number of guidance docu-
ments, including but not limited to: Ontario Regulation 153/04 Record
of Site Condition Regulation, Part XV.1 of the Environmental Protection
Act: Guidance Protocol (MOE, 2004b); A Framework for Ecological
Risk Assessment (General Guidance) (CCME, 1996); Guidelines for
Ecological Risk Assessment (US EPA, 1998); and US EPA Screening
Level Ecological Risk Assessment Protocol for Hazardous Waste Com-
bustion Facilities (US EPA, 1999).
The goal of ERA is typically to identify potential risks to ecological
receptors at the population level rather than at the individual level,
with the notable exception being species of conservation concern or
species at risk as deﬁned by federal and provincial regulation. Therefore,
in this assessment, the primary endpoint consideredwas the protection
of wildlife populations or communities based on predicted changes to
growth, reproduction or survival. However, for identiﬁed species at
risk or species of conservation concern, protection at the individual
level was also considered.
Facility design information for this assessment was provided by
Covanta Energy Corporation, which was selected as the preferred
vendor for the project by the regions of Durham and York. Additional
information about the facility design is available in (Ollson et al.,
2013). The initial operating design capacity of the proposed facil-
ity was 140,000 tonnes per year, with a capacity for expansion to
400,000 tonnes per year within the 30-year planning period. As
the expansion of the facility beyond the initial approved capacity
of 140,000 tonnes per year would require additional environmental
screening under provincial regulations, the present ERA focused
primarily on the potential risks from the facility with respect to op-
eration at the 140,000 tonne per year level. However, for compari-
son purposes, consideration was also given to the potential risks
associated with the maximum design capacity of 400,000 tonnes
per year. The ERA was conducted for four project scenarios
(i.e., existing conditions, facility construction, facility operation and
facility decommissioning), each made up of a number of possible
cases (Table 1).
2.2. Study area
The selected location for the facility is located within the munici-
pality of Clarington, Ontario, Canada (approximately 80 km east ofToronto, Ontario). This location is bordered by Lake Ontario to the
south, commercial properties to the north and agricultural lands to
the east and west. The Darlington Nuclear Generating Station is located
approximated 2 km to the east. No signiﬁcant forested areas or perma-
nentwatercourses exist at this location. Theﬂat, open terrain and lack of
cover offer few opportunities for specialized habitat or species.
Based on the results of dispersion modeling (see Section 2.4 in
Ollson et al., 2013), the local risk assessment study area (LRASA)
considered in this assessment was deﬁned as the area within a
10 km radius of the proposed facility location. This LRASA represents
the area where maximum air emissions from the facility were pre-
dicted to occur and includes the urban centers of Oshawa, Courtice,
Bowmanville and Port Darlington.
2.3. Identiﬁcation of chemicals of potential concern (COPC)
For this ERA chemicals of potential concern (COPC) were deﬁned
as compounds that may be released from the facility and may have
the potential to adversely affect ecological health if released in sufﬁcient
quantity. Chemicals that could potentially be released by the facility to
the atmosphere were identiﬁed by reviewing sources such as existing
provincial guidelines for municipal incinerators (MOE, 2004a), the
Canadian National Pollutant Release Inventory for waste incinerators
(Environment Canada, 2007), and the results of stack testing of an
existing waste incinerator in nearby Brampton, Ontario. Persistent
and/or bioaccumulative compounds (i.e., half-life in soil ≥6 months
and/or Log Kow ≥ 5 (Environment Canada, 2006; Rodan et al., 1999))
from this inventory were identiﬁed and carried forward as COPC for
evaluation in this assessment (Table 2). Generally, the remaining
chemicals in the emissions inventory (emitted to air, but neither persis-
tent nor bioaccumulative) were not retained for evaluation because the
inhalation pathway was not directly evaluated for ecological receptors
(see Section 2.7.2). However, sulphur dioxide (SO2), nitrogen dioxide
(NO2) and hydrogen ﬂuoride (HF) were retained in order to address
their potential effects on vegetation (phytotoxicity), as high concentra-
tions of these contaminants in air are known to produce acute and
Table 2
Contaminants of potential concern (COPC) considered in this assessment.
COPC
Air contaminants (assessed for phytotoxicity only):
Sulphur dioxide (SO2), nitrogen dioxide (NO2), hydrogen ﬂuoride (HF)
Chlorinated polycyclic aromatics:
PCBs, 2,3,7,8-TCDD TEQ (dioxin/furan)
Metals:
Antimony, arsenic, barium, beryllium, boron, cadmium, chromium (total), chromium
(VI), cobalt, lead, mercury (inorganic), methyl mercury, nickel, phosphorus⁎,
selenium, silver, thallium, tin, vanadium, zinc
Chlorinated monocyclic aromatics:
1,2-Dichlorobenzene, 1,2,4-trichlorobenzene, 1,2,4,5-tetrachlorobenzene,
pentachlorobenzene, hexachlorobenzene, pentachlorophenol
Polycyclic aromatic hydrocarbons:
Acenaphthene, acenaphthylene, anthracene, ﬂuoranthene, ﬂuorene, phenanthrene,
benz(a)anthracene, benzo(a)pyrene, benzo(e)pyrene, benzo(a)ﬂuorine,
benzo(b)ﬂuorine, benzo(b)ﬂuoranthene, benzo(g,h,i)perylene, benzo(k)ﬂuoranthene,
chrysene, dibenz(a,c)anthracene, dibenz(a,h)anthracene, indeno(1,2,3-cd)pyrene,
perylene, pyrene
Volatile organic chemicals (VOCs):
Carbon tetrachloride, chloroform, dichloromethane, trichloroﬂuoromethane,
1,1,1-trichloroethane, bromoform, o-terphenyl
⁎ Phosphorus was assessed for potential risk to freshwater receptors and biota as-
sociated with sediment. In the case of the other receptors (birds, mammals, terrestrial
invertebrates, and plants) the assessment was not performed as phosphorus is inher-
ently non-toxic and is a required mineral.
Table 3
Ecological receptors considered in this assessment.
Ecological receptor Species at risk represented by receptor
Mammalian receptors
Common muskrat
(Ondatra zibethicus)
Eastern cottontail rabbit
(Sylvilagus ﬂoridanus)
Masked shrew (Sorex cinereus)
Meadow vole
(Microtus pennsylvanicus)
Mink (Mustela vison)
Red fox (Vulpes vulpes)
White-tailed deer
(Odocoileus virginianus)
Avian receptors
American robin
(Turdus migratorius)
Chimney shift (Chaetura pelagica), Henslow's
sparrow (Ammodramus henslowii), black tern
(Chlidonias niger), cerulean warbler (Dendroica
cerulean), hooded warbler (Wilsonia citrine),
northern bobwhite (Colinus virginianus),
yellow-breasted chat (Icteria virens)
Belted kingﬁsher (Ceryle alcyon)
Great blue heron (Ardes herodias) Least bittern (Ixobrychus exilis), black-crowned
night-heron (Nycticorax nycticorax), black tern
(Chlidonias niger), king rail (Rallus elegans)
Mallard duck (Anas platyrhynchos)
Red-tailed hawk
(Buteo jamaicensis)
Loggerhead shrike (Lanius ludovicianus),
red-shouldered hawk (Buteo lineatus)
Wild turkey (Meleagris gallopavo) Henslow's sparrow (Ammodramus henslowii),
cerulean warbler (Dendroica cerulean),
hooded warbler (Wilsonia citrine),
yellow-breasted chat (Icteria virens)
Community-based ecological receptors
Freshwater receptors
(i.e., ﬁsh, aquatic plants)
Terrestrial plants
Benthic invertebrates
Soil invertebrates
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evaluated in this ERA is presented in Table 2.
2.4. Identiﬁcation of ecological receptors
Comprehensive biological ﬁeld surveys of the LRASA were
conducted to identify wildlife species and to assess habitat (Supporting
Information, Section S1). Based on the results of the ﬁeld surveys, a
representative subset of ecological receptors was selected for consider-
ation in this ecological risk assessment (Table 3). Preference was given
to species that were indigenous to the area and to those likely to receive
the greatest exposure to contaminants due to their habitat and home
range. Adequate representation of each applicable habitat and trophic
level (e.g. carnivore, herbivore, insectivore, piscivore) was also ensured.
Each selected receptor was considered representative of other species
occupying a similar position in the food web. For example, it was
assumed that the results of the ERA for the American robin (which relies
heavily on a diet of terrestrial invertebrates)would also be applicable to
other invertivore bird species.
Birds and mammals were assessed at the individual species level,
while freshwater receptors, terrestrial plants, benthic invertebrates
and soil invertebrates were assessed at the community level. It was
not possible to perform a formal assessment of amphibian or reptile
receptors, due to a paucity of appropriate toxicological data (Hopkins,
2000). However, no amphibian or reptile species were identiﬁed during
ﬁeld surveys in the LRASA.
Provincial and federal guidelines and databases were also consulted
to determine potential species at risk (SARs) and conservation concern
that might be present within the LRASA. Species at risk are deﬁned as
any wildlife species listed in Schedule 1 of the Canadian Species at
Risk Act (SARA) as “Extirpated”, “Endangered” or “Threatened”. Species
of conservation concern include those that have a provincial ranking of
S3 and below as well as those designated as “Endangered”, “Threat-
ened” or of “Special Concern” federally or provincially. This search iden-
tiﬁed 12 avian species, three vascular plant species, three insect species,
four amphibian/reptile species, and one ﬁsh species that could be pres-
ent in the LRASA (although none of these species at risk were observed
during the ﬁeld campaign). No mammalian SARs likely to be foundwithin the LRASA were identiﬁed. Although it is a priority to ensure
that these SARs are protected from undue risk from facility related
emissions, it is difﬁcult to quantitatively address potential chemical
risk to these SARs since species-speciﬁc information regarding their
diet, inadvertent soil ingestion and water intake is lacking. However,
for the avian SARs it was possible to identify ecological receptorswithin
the same class and similar trophic level (for which well established
quantitative data exists) and apply these as surrogates (Table 3).
2.5. Derivation of exposure point concentrations
In order to ensure a conservative estimate of risk for all four project
scenarios, all exposure assessments were conducted deterministically
using exposure point concentrations (EPCs) representative of reason-
able maximum exposure at 22 ecological receptor locations situated
in close proximity (b2 km) to the planned facility, where themaximum
ground level concentrations of COPC from the facility are most likely to
occur. These locations were selected to represent a variety of habitats
and individual watersheds within the LRASA as well as areas with
known agricultural or recreational value (e.g. bird watching, ﬁshing).
In addition, preference was given to locations that were considered
environmentally sensitive or that had potential ecological importance.
2.5.1. Baseline conditions
For the baseline case assessment, EPCs of COPC in air, soil, water,
sediment, terrestrial plants, terrestrial small mammals, and ﬁsh were
derived from the results of an extensive baseline sampling program
(see Ollson et al., 2013 for details). For these baseline values, a single
baseline EPC (i.e., the maximum detected concentration, 95% upper
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described in the Supporting Information (Section S2), was used to
model exposure for each environmentalmedium collected for all recep-
tor locations. These baseline EPCs are considered representative of
reasonable maximum exposure, to all receptors, from background
concentrations. For biota considered in this assessmentwhere empirical
data were not collected during the baseline sampling program (i.e., soil
invertebrates, benthic invertebrates, and aquatic plants), COPC concen-
trations were estimated using COPC-speciﬁc uptake factors (UPs) that
describe the transfer between a speciﬁed chemical in a given abiotic
medium to various types of biota. A detailed description of these uptake
factors is provided in the Supporting Information (Section S3).
The generalized equation used to calculate a COPC concentration
in terrestrial plant and animal tissue based on a concentration in
soil is shown in Eq. (1):
EPCi ¼ EPCsoil  UP ð1Þ
where EPCi represents the EPC in biological compartment i (mg/kg
wet weight), EPCsoil represents the EPC in soil (mg/kg dry weight)
and UP represents the uptake factor from soil to target biotic tissue i
(dimensionless). Similarly, for aquatic or sediment-based plants and
animals, EPCs (on a mg/kg wet tissue basis) were calculated using
water (mg/L) or sediment (mg/kg dry sediment) concentrations and
appropriate uptake factors.
2.5.2. Project-related contributions of COPC to the environment
Since this risk assessment was performed to evaluate a facility that
had not yet been constructed, it was necessary to model the potential
impact of project-related emissions on the concentrations of COPC in
the surrounding environment. Therefore, fate and transport modeling
that predicted emission and deposition rates for each COPC (see
Ollson et al., 2013 for details) was used to generate COPC concentra-
tions in various environmental media and biota (soil, water, sediment,
terrestrial plants, small (prey) mammals, and ﬁsh) for the project
alone and process upset cases. COPC concentrations in the remaining
biota (soil invertebrates, benthic invertebrates, aquatic plants) were
calculated using COPC-speciﬁc uptake factors (UPs) as described in
Section 2.5.1.
2.6. Exposure assessment
2.6.1. Exposure pathway screening and conceptual site models
Potential exposure pathways considered in this assessment include
ingestion and dermal exposure to soil and/or dust, food chain expo-
sures, and direct contact with contaminated media (e.g., soil, sediment,
water, or air). Inhalation of vapors and particulate emissions was also
considered indirectly (see Section 2.7.2). Exposure pathways consid-
ered for each ecological receptor varied depending on receptor charac-
teristics and habitat (Fig. 1). In addition, all ecological receptors were
not necessarily evaluated at all receptor locations; only locations with
suitable habitat for that ecological receptor were considered.
2.6.2. Average daily dose (oral ingestion) for mammalian and avian
receptors
For mammalian and avian ecological receptors, exposure was calcu-
lated as the average daily dose (ADD), deﬁned as the amount of a COPC
an ecological receptor might be exposed to on a mg/kg-bw/day basis.
For each ecological receptor and COPC, the ADDwas calculated by sum-
ming the intake from each applicable exposure pathway as described in
Eq. (2).
ADDj ¼ IFj  AFj  EPCj ð2Þ
For exposure pathway ‘j’, IFj represents an intake factor (kg contam-
inated medium/kg body weight — day), AFj represents an absorptionfactor (default value of 1), and EPCj represents the exposure point
concentration (mg chemical/kg medium). The intake factor (IF) is not
speciﬁc to each COPC, but is a characteristic of the receptor being eval-
uated. The IF was calculated for each exposure pathway using the
receptor's medium-speciﬁc ingestion rate (IR), the fraction of the time
spent on site (fsite) assumed to equal 100% for all species even though
some species are known to overwinter outside of southern Ontario
(American robin, belted kingﬁsher, great blue heron, and mallard
duck) and the receptor's body weight (BW) as described in Eq. (3):
IFj ¼ IR j  fsite
 
=BW: ð3Þ
For details related to the body weight, dietary composition (plant,
insect, prey), water, and soil ingestion rates for each of the receptors
evaluated in this risk assessment, refer to the Supporting Information
(Section S4).
2.6.3. Exposure analysis for community-based receptors
The exposure assessment for community-based receptors does
not require the use of UP or ADD calculations. Each of these receptors
is primarily associated with a single environmental medium (e.g., air,
water, soil or sediment), and the potential for adverse environmental
effects can be characterized by comparing COPC concentrations in
each mediumwith corresponding toxicity benchmarks or appropriate
guidelines. Therefore, the contaminant concentration associated with
the relevant environmental medium for each community-based
receptor was used as the exposure estimate in this risk assessment
(relevant media are identiﬁed in conceptual site model, Fig. 1). Terres-
trial plant exposure to sulphur dioxide, nitrogen dioxide and hydrogen
ﬂuoride was assessed using predicted 1-h, 24-h, and annual average
concentrations.
2.7. Toxicity assessment
2.7.1. Oral toxicity reference values for mammalian and avian receptors
To identify the potential adverse health effects associated with
each COPC as a consequence of chronic oral exposure, it was necessary
to identify toxicity reference values (TRVs) deﬁned as the chronic daily
dose of a COPC below which unacceptable adverse effects are not
expected. These TRVs are speciﬁc to each COPC and ecological receptor.
Numerous sources were reviewed to obtain the most relevant TRVs
for ecological receptors. Information sources included, but were not
limited to: Ontario Regulation 153/04 Record of Site Condition Regula-
tion, Part XV.1 of the Environmental Protection Act: Guidance Protocol
(MOE, 2004b); Oak Ridge National Laboratory Toxicity Benchmarks
for Wildlife (Sample et al., 1996); the US Environmental Protection
Agency's Ecological Soil Screeningdocuments (US EPA, 2010); Canadian
Environmental Protection Act (CEPA), Priority Substance List Assess-
ment Reports (Environment Canada, 2006); and primary scientiﬁc liter-
ature (see Supporting information, Section S5 for more details). Ideally,
TRVs were determined using the results of multiple chronic or
multi-generational studies where relevant test species (i.e., the ecolog-
ical receptor of interest or a phylogenetically similar species) were
exposed to appropriate chemical forms of the COPC and relevant end-
points such as growth, reproduction, or survival measured. In addition,
the preferred toxicity measure used for derivation of TRVs was the
lowest observed adverse effect level (LOAEL) for most receptors. In
the absence of a suitable LOAEL, no observed adverse effect level
(NOAEL) based TRVs were preferred; less sensitive (lethal) endpoints
(i.e., median lethal concentration (LC50) or median lethal dose (LD50))
were only considered when no other data was available. However, for
designated species at risk, the NOAEL was preferred over the LOAEL in
order to protect these species at the individual rather than population
level. In all cases where ideal TRVs were not available in the existing
literature, the most appropriate value was selected based on the
Fig. 1. Conceptual site model.
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as needed to account for exposure duration, species differences
(body-weight scaling), and toxic endpoint used (Fig. 2).Fig. 2. Uncertainty factors used for2.7.2. Inhalation toxicity for mammalian and avian receptors
Wildlife exposure to COPC via the inhalation pathway is rarely
considered in ERA as this exposure pathway is generally consideredderivation of ecological TRVs.
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ways (Archbold et al., 2007). It has been suggested that this assump-
tion may not be appropriate when the primary route by which COPCs
are being released to the environment is via air emissions (Archbold
et al., 2007), as is the case for the proposed EFW facility. Consequent-
ly, it was of interest to consider the potential for risk to mammalian
and avian receptors associated with the inhalation pathway in this
assessment.
However, it is difﬁcult to complete a thorough inhalation risk
assessment for ecological receptors due to the paucity of inhalation
speciﬁc ecotoxicity data (Archbold et al., 2007). Therefore, in this ERA,
wildlife risk through the inhalation pathway was addressed indirectly
by considering the results of a parallel HHRA where risks to human
health via the inhalation pathway for the same proposed facility were
evaluated (Ollson et al., 2013). The human health inhalation risk assess-
ment was expected to provide a more conservative estimate of poten-
tial risk than could have been assessed for ecological receptors given
that the human health risk assessment focuses on the health of individ-
uals rather than populations and often includes very sensitive health
outcomes that are not considered for ecological receptors (e.g., child-
hood asthma or low risks of cancer). In addition, the exposure durations
considered for human receptors are often longer (i.e., up to 70 years)
than would be considered for ecological receptors. Therefore, it was as-
sumed that if the human health risk assessment determined human re-
ceptors to be adequately protected against inhalation exposures to
maximum ground level concentrations of COPC, ecological receptors
should be equally protected.
2.7.3. Benchmarks for community-based receptors
For soil invertebrates, terrestrial vegetation, freshwater aquatic
life, and freshwater sediment receptors, individual species were not
evaluated in the ecological risk assessment. Instead, toxicity assess-
ments were performed by comparing COPC concentrations in their
primary medium (i.e., soil, water, or sediment) to screening guidelines
or COPC-speciﬁc toxicity benchmarks developed for that medium to
be protective of their whole classiﬁcation (Supporting Information,
Section S5). In addition, special consideration was given to the effects
of sulphur dioxide, nitrogen dioxide, and hydrogen ﬂuoride (in air) on
terrestrial plants (Supporting Information, Section S5).
2.8. Ecological risk characterization
2.8.1. Calculation of ecological hazard quotients (EHQs) and screening
ratios (SRs)
For mammalian and avian receptors, the potential for adverse
environmental effects was quantiﬁed by comparing the TRV to the
expected ADD to create an ecological hazard quotient (EHQ) as
deﬁned in Eq. (4):
EHQ ¼ average daily dose ADDð Þ
toxicity reference value TRVð Þ : ð4Þ
The EHQs were calculated for each ecological receptor, taking into
consideration all applicable exposure pathways. For example, the EHQ
for the meadow vole was calculated as the sum of EHQs for each of its
relevant exposure pathways (e.g., risk from vegetation, soil, inverte-
brate and water ingestion). The magnitude by which values differ
from parity (i.e., TRV = daily dose) is used to make inferences about
the possibility of ecological risks.
For the assessment of potential risk to community-based ecological
receptors (e.g., freshwater receptors), the EPC of the associated environ-
mental media (e.g., soil, water, sediment, or air) was divided by the
relevant benchmarks where available. Preference was given to the
Ontario speciﬁc media guidelines (MOE, 1993, 1994, 2004b). For COPC
where appropriate guidelines were not available, benchmarks based
on toxicity studies were chosen instead. In this manner either ascreening ratio (SR, if the comparator was a generic provincial guide-
line) or an EHQ (if the comparator was a benchmark based on toxicity)
was calculated.
For most receptors and COPC, an EHQ or SR of less than or equal to
1.0 indicated that the exposure concentration for the evaluated scenario
was less than or at the threshold of toxicity or guideline, as appropriate,
which suggested that no adverse environmental effect was likely to
occur. Conversely, an EHQ or SR greater than 1.0 indicated the possibil-
ity of adverse ecological effects and suggested the need for further
review of both predicted exposure levels and effects benchmarks. How-
ever, for species at risk only, if the TRV used in the calculation of the EHQ
or SR was derived from a LOAEL rather than a NOAEL, then the accept-
able threshold for toxicity was modiﬁed downward by a half-order of
magnitude from 1.0 to 0.33, a method in-line with ERA guidance from
the Ohio EPA (2008).
2.8.2. Chemical interactions and additivity of ecological hazard quotients
Risk assessments are complicated by the fact thatmost toxicological
studies are conducted using a single chemical whereas environmental
exposures generally involve more than one COPC. Calculating an EHQ
for exposure to mixtures of COPC is problematic because all COPC do
not have the same modes of action, target endpoints or magnitudes of
toxicity. However, for chemical classes with known similar modes of
action and target organs, a more appropriate characterization of risk
can be achieved by summing the EHQ for each compound. In this
assessment, EHQs for PAHs were summed (for mammals and birds
only) to provide a single, conservative EHQ. Hazard quotients for
inorganic COPC were evaluated separately because they generally
have different modes of action and target organs.
3. Results and discussion
3.1. Risk characterization: Existing conditions
Maximum baseline case EHQs and SRs generated for each COPC
and ecological receptors are presented in Tables 4 and 5.
3.1.1. Mammals and birds
Formammals and birds all COPC had EHQs less than1.0,with the ex-
ception of selenium in the case of themink (EHQ = 1.8), and vanadium
in the case of the American robin, belted kingﬁsher, mallard duck and
wild turkey (EHQs = 1.6, 1.5, 3.9, and 2.6, respectively). However, the
measured baseline concentrations of selenium and vanadium in sam-
pled environmental media were generally very low in comparison to
provincial guidelines where available (Supporting Information, Section
S6). For example, seleniumwas not detected in any of the analyzed soil,
sediment, or surface water samples. Therefore, the method detection
limit for selenium was substituted as the selenium concentration for
these media in order to provide a ‘worst-case scenario’ estimate of
exposure (as described in Supporting Information, Section S2). Howev-
er, it is possible that actual contaminant concentrationswere signiﬁcant-
ly lower than the method detection limit (or not present at all).
Therefore, the selenium EHQ value calculated for mink may represent
a signiﬁcant overestimation of the actual risk. In contrast, vanadium
was detected inmost soil, sediment, and surfacewater samples. Howev-
er, the maximum observed vanadium concentration in soil (23 mg/kg)
was less than the provincial guideline of 91 mg/kg (MOE, 2004b). This
suggests that the existing baseline vanadium concentrations are likely
not unusual at this site, although a slight exceedance of the provincial
guidelinewas noted for vanadium in surfacewater (maximumobserved
value of 0.008 mg/L compared to guideline value of 0.006 mg/L) (MOE,
2004b). No guideline was available for vanadium in sediment (or other
environmental matrices). Nevertheless, these EHQ exceedances repre-
sent baseline conditions that are not likely to differ signiﬁcantly from
those typical of similar sites elsewhere in southern Ontario.
Table 4
Maximum ecological hazard quotients (EHQs) for mammalian and avian receptors estimated for 140,000 tonne per year scenarios. Highlighted and bolded values represent
exceedances of target (i.e., EHQ or SR ≥ 1).
COPC Maximum EHQ observed (mammalian) Maximum EHQ observed (avian)
Baseline Project
alone
Project Process
upset
Process
upset project
Baseline Project
alone
Project Process
upset
Process
upset project
Polycyclic aromatic hydrocarbons
Total PAH EHQ= 0.0015 1E-06 0.0015 3E-06 0.0015 – – – – –
Dioxins and furans
2,3,7,8-TCDD equivalent 0.053 0.0016 0.054 0.0046 0.057 0.0036 0.0003 0.0037 0.0008 0.0038
PCB
Aroclor 1254 (total PCBs) 0.011 0.0008 0.011 0.0023 0.012 0.0049 0.0003 0.0049 0.0009 0.0049
Chlorinated monocyclic aromatics
1,2-Dichlorobenzene 0.0035 2E-08 0.0035 5E-08 0.0035 – – – – –
1,2,4-Trichlorobenzene 0.0052 2E-09 0.0052 5E-09 0.0052 – – – – –
1,2,4,5-Tetrachlorobenzene 0.0013 2E-07 0.0013 5E-07 0.0013 – – – – –
Pentachlorobenzene 0.0011 1E-06 0.0011 3E-06 0.0011 – – – – –
Hexachlorobenzene 0.00097 5E-07 0.001 1E-06 0.001 0.0023 2E-06 0.0023 5E-06 0.0023
Pentachlorophenol 0.0018 5E-06 0.0018 1E-05 0.0018 0.0027 9E-06 0.0027 3E-05 0.0027
Chlorinated solvents and derivatives
Carbon tetrachloride 0.0017 4E-09 0.0017 1E-08 0.0017 – – – – –
Chloroform 0.0002 4E-10 0.0002 1E-09 0.0002 – – – – –
Dichloromethane 0.0056 2E-07 0.0056 5E-07 0.0056 – – – – –
Trichloroﬂuoromethane 0.00016 6E-08 0.0002 2E-07 0.0002 – – – – –
Chlorinated alkanes/alkenes
1,1,1-Trichloroethane 1.5E-05 4E-10 2E-05 1E-09 2E-05 – – – – –
Other organics
Bromoform 0.00072 1E-07 0.0007 4E-07 0.0007 – – – – –
O-terphenyl – – – – – – – – – –
Inorganics
Antimony 0.47 0.0001 0.47 0.0002 0.47 – – – – –
Arsenic 0.1 4E-06 0.1 5E-06 0.1 0.0099 8E-07 0.0099 1E-06 0.0099
Barium 0.02 8E-08 0.02 1E-07 0.02 0.014 6E-08 0.014 8E-08 0.014
Beryllium 0.11 1E-05 0.11 2E-05 0.11 – – – – –
Boron 0.28 0.0002 0.28 0.0002 0.28 0.13 7E-05 0.13 9E-05 0.13
Cadmium 0.5 0.002 0.5 0.0029 0.5 0.31 0.0019 0.31 0.0027 0.31
Chromium (total) 0.35 2E-05 0.35 3E-05 0.35 0.36 6E-05 0.36 8E-05 0.36
Chromium VI 0.0039 5E-07 0.0039 7E-07 0.0039 0.027 2E-06 0.027 3E-06 0.027
Cobalt 0.02 1E-05 0.02 2E-05 0.02 0.062 8E-05 0.062 0.0001 0.062
Lead 0.19 0.0005 0.19 0.0008 0.19 0.07 0.0003 0.071 0.0005 0.071
Mercury — inorganic 0.012 0.0004 0.012 0.0006 0.013 0.035 0.0034 0.035 0.0049 0.035
Methyl mercury 0.067 0.0037 0.068 0.0054 0.068 0.41 0.0063 0.42 0.0091 0.42
Nickel 0.4 0.0007 0.4 0.0011 0.4 0.17 0.0007 0.17 0.001 0.17
Selenium 1.8 9E-05 1.8 0.0001 1.8 0.42 3E-05 0.42 4E-05 0.42
Silver 0.002 3E-06 0.002 4E-06 0.002 0.0052 2E-05 0.0052 2E-05 0.0052
Thallium 0.42 0.0045 0.42 0.0065 0.42 0.23 0.0046 0.23 0.0067 0.24
Tin 0.013 9E-05 0.013 0.0001 0.013 – – – – –
Vanadium 0.071 5E-06 0.071 7E-06 0.071 3.9 0.0002 3.9 0.0003 3.9
Zinc 0.46 0.0003 0.46 0.0004 0.46 0.77 0.0009 0.77 0.0013 0.77
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For freshwater receptors, EHQs or SRs greater than 1.0 were ob-
served for a number of PAHs (anthracene, ﬂuoranthene, benzo(a)an-
thracene, benzo(g,h,i)perylene, benzo(k)ﬂuoranthene, chrysene and
dibenzo(a,h)anthracene), as well as for PCBs (total), hexachloroben-
zene, hexavalent chromium, phosphorus, vanadium and zinc. Similarly,
for benthic invertebrates, total chromium and phosphorus in sediment
was associated with potential risk as SRs of 1.2 and 1.1, respectively.
However, for the PAHs listed above, as well as for PCBs, hexachlo-
robenzene, and hexavalent chromium, no detectable concentrations
of these COPC were observed in the surface water samples collected
from the site during the baseline sampling program (see Supporting
Information, Section S6). In these cases, as described in Section 3.1.1
and the Supporting Information (Section S2), the method detection
limit was substituted for the contaminant concentration. Therefore,
the SR values for freshwater receptors for these COPC (Table 5) may
represent a signiﬁcant overestimation of the actual risk.
In contrast, phosphorus, vanadium, and zinc were actually detect-
ed in at least some of the surface water samples collected from thesite (see Supporting Information, Section S6) and SR calculation was
performed using the maximum observed concentration. Therefore,
potential risk to freshwater receptors as a result of existing baseline
concentrations of these COPC could not be ruled out. Similarly, the
elevated SR values observed for chromium and phosphorus in sedi-
ment were based on maximum measured concentrations, which sug-
gest that potential risk to sediment dwelling organisms was possible.
However, it is important to note that during the baseline ﬁeld
surveys, several species of ﬁsh in a variety of feeding niches were ob-
served to inhabit the waterbodies within the LRASA. Predatory species
(invertivores/carnivores) such as rainbow trout, sunﬁsh, creek chub,
and dace were conﬁrmed to be present, and generally communities of
these ﬁsh require substantial populations of invertebrates in order to
thrive. Similarly, detritivores and planktivores such as white sucker
and banded killiﬁsh, respectively, were also conﬁrmed present. The
presence of these ﬁsh communities suggests that existing baseline
conditions within the LRASA are sufﬁcient to sustain the freshwater
communities (including the benthic invertebrates as their prey
items).
Table 5
Maximum ecological hazard quotients and screening ratios for community-based receptors (soil invertebrates, terrestrial vegetation, freshwater aquatic life, and freshwater
sediment receptors) estimated for 140,000 tonne per year scenarios. Highlighted and bolded values represent exceedances of target (i.e., EHQ or SR ≥ 1).
COPC Baseline Project alone Project Process upset Process upset
project
Low molecular weight PAHs Acenaphthene 0.002 4.6E-08 0.002 1.3E-07 0.002
Acenaphthylene 0.002 4.8E-08 0.002 1.3E-07 0.002
Anthracene 13 0.0015 13 0.0043 13
Fluoranthene 13 0.016 13 0.044 13
Fluorene 0.26 0.000048 0.26 0.00013 0.26
Phenanthrene 0.33 0.00096 0.33 0.003 0.34
High molecular weight PAHs Benz(a)anthracene 13 0.00046 13 0.0013 13
Benzo(a)pyrene 0.054 0.000064 0.054 0.00018 0.054
Benzo(e)pyrene – 2.7E-06 2.7E-06 7.5E-06 7.5E-06
Benzo(a)ﬂuorene – 1.2E-06 1.2E-06 3.5E-06 3.5E-06
Benzo(b)ﬂuorene – 1.8E-06 1.8E-06 5.1E-06 5.1E-06
Benzo(b)ﬂuoranthene 0.006 4.1E-07 0.006 1.2E-06 0.006
Benzo(g,h,i)perylene 500 0.14 500 0.4 500
Benzo(k)ﬂuoranthene 50 0.0009 50 0.0025 50
Chrysene 100 0.0088 100 0.025 100
Dibenz(a,c)anthracene 0.020 6.7E-06 0.020 0.000019 0.020
Dibenz(a,h)anthracene 5 0.00019 5 0.00053 5
Indeno(1,2,3-cd)pyrene 0.25 0.00042 0.25 0.0012 0.25
Perylene 0.008 2.5E-07 0.008 6.9E-07 0.008
Pyrene 0.1 0.000085 0.1 0.00024 0.1
Dioxins/furans 2,3,7,8-TCDD equivalent 0.320 4.1E-04 0.320 0.001 0.330
PCB Aroclor 1254 (total PCBs) 20 0.011 20 0.031 20
Chlorinated monocyclic aromatics 1,2-Dichlorobenzene 0.6 0.00019 0.6 0.00054 0.6
1,2,4-Trichlorobenzene 0.0042 1.1E-07 0.0042 3.0E-07 0.0042
1,2,4,5-Tetrachlorobenzene 0.33 0.000082 0.33 0.00023 0.33
Pentachlorobenzene 0.0039 2.6E-06 0.0039 7.3E-06 0.0039
Hexachlorobenzene 7.7 0.0019 7.7 0.0053 7.7
Pentachlorophenol 0.02 0.00046 0.02 0.0013 0.021
Chlorinated solvents and derivatives Carbon tetrachloride 0.001 6E-08 0.001 1.7E-07 0.001
Chloroform 0.00025 1.8E-08 0.00025 5E-08 0.00025
Dichloromethane 0.0038 0.000002 0.0038 5.6E-06 0.0038
Trichloroﬂuoromethane 0.00042 0.000013 0.00044 0.000038 0.00046
Chlorinated alkanes/alkenes 1,1,1-Trichloroethane 0.05 0.000028 0.05 0.000078 0.05
Other organics Bromoform 0.0083 0.00021 0.0085 0.00058 0.0089
O-terphenyl – 0.000004 0.000004 0.000011 0.000011
Inorganics Antimony 0.25 0.00016 0.25 0.00023 0.25
Arsenic 0.4 0.000098 0.4 0.00014 0.4
Barium 0.41 0.000011 0.41 0.000016 0.41
Beryllium 0.18 0.000075 0.18 0.00011 0.18
Boron 0.44 0.00089 0.44 0.0013 0.44
Cadmium 0.83 0.016 0.83 0.023 0.83
Chromium (total) 1.2 0.0003 1.2 0.00043 1.2
Chromium VI 10 0.00037 10 0.00054 10
Cobalt 0.56 0.0075 0.56 0.011 0.57
Lead 0.42 0.0041 0.42 0.0059 0.42
Mercury — inorganic 0.5 0.13 0.5 0.19 0.5
Methyl mercury 0.75 0.00038 0.75 0.00054 0.75
Nickel 0.63 0.004 0.63 0.0058 0.63
Phosphorus 5.3 0.0018 5.3 0.0026 5.3
Selenium 0.1 5.6E-06 0.1 8.1E-06 0.1
Silver 1 0.039 1 0.057 1.1
Thallium 1 0.15 1.1 0.22 1.2
Tin 0.2 0.00023 0.2 0.00033 0.2
Vanadium 1.3 0.000075 1.3 0.00011 1.3
Zinc 2.3 0.012 2.3 0.017 2.3
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Baseline SO2 and NO2 concentrations were well below the selected
national guidelines for each of the 1-h, 24-h, and annual averaging
periods (Tables 6, 7). The baseline SO2 concentrations were also
below the phytotoxicity benchmarks identiﬁed by the WHO Air Qual-
ity Guidelines for the 24-h and annual averaging periods (Table 6).
The WHO Air Quality Guideline does not provide a phytotoxicity
standard for the 1-h averaging time for SO2 or NO2, so a comparison
could not be conducted. The baseline NO2 concentrations for 24-h av-
eraging period were below the phytotoxicity benchmarks described
by WHO Air Quality Guidelines; however, the annual baseline NO2
concentration of 37 μg/m3 was greater than the annual WHO guide-
line for NO2 of 30 μg/m3 (Table 7). However, visual inspection ofvegetation during the baseline sampling program revealed healthy
vegetation communities showing no evidence of NO2 induced phyto-
toxicity. Baseline concentrations of HF were not measured and so a
comparison against applicable objectives/guidelines could not be
conducted (Table 8).
In addition, trafﬁc volume estimates were combined with the
existing baseline ambient air conditions in the airshed to produce
the baseline trafﬁc case, allowing for an estimation of the exposure
of vegetation to SO2 and NO2 from vehicle emissions. In this case,
SO2 emissions were found to comply with the selected national
guidelines and WHO phytotoxicity benchmarks (where available)
for their respective 1-h, 24-h and annual averaging periods and NO2
emissions were found to comply with the national guidelines for all
Table 6
Maximum predicted and/or measured SO2 concentrations and corresponding phytotoxicity benchmarks (μg × m−3) for baseline and operating scenarios (140,000 tonnes per year).
Project scenarios Case Maximum observed for all
evaluated locations
NAAQOa World Health Organization
1 h 24 h Annual 1 h 24 h Annual 1 hb 24 h Annual
Existing conditions Baseline 19 19 5.9 900 300 60 – 100 30 (20c)
Baseline trafﬁc 20 19 6
Operation Project alone 16 1.7 0.051 900 300 60 – 100 30 (20c)
Project (baseline + project) 35 21 6
Process upset 251 28 0.09
Process upset project (baseline + upset) 271 47 6
Trafﬁc 36 21 6
a National Ambient Air Quality Objective (Government of Canada, 1999).
b No WHO benchmark available for this time period.
c Guideline for forest ecosystems.
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For the 24-h averaging period only the emissions at one receptor lo-
cation were found to exceed the 24-h phytotoxicity benchmark of
the WHO Air Quality Guideline. Similarly, the NO2 concentrations
exceeded the phytotoxicity WHO Air Quality Guideline.
3.2. Risk characterization: Construction case
For consideration of the construction case, it was assumed that
construction activities would occur intermittently, during daylight
hours, over a period of approximately 30 months. The primary con-
cerns related to these activities with respect to ecological health
were considered to be dust emissions from construction activities
and exhaust emissions from fuel combustion by vehicles on the site.
In addition, construction activities such as welding, use of solvents,
sand blasting and paintingmay also affect air quality in the construction
area. However, relative to the anticipated operational emissions,
construction emissions will beminor, short-term and transitory. There-
fore, it was expected that the assessment of operational scenarios
(Sections 3.3–3.4) will be protective of any potential ecological risks
that could arise during periods of construction and this case was not
assessed in detail.
3.3. Risk characterization: Operational scenarios (140,000 tonnes
per year)
3.3.1. Mammals and birds
For most mammalian or avian receptors, COPC, and operational sce-
narios, the EHQ values did not exceed the regulatory benchmark of 1
(Table 4, Supporting Information, Section S7). The only exceedances
notedwere for operational scenarios that also incorporated the baseline
conditions (i.e., the project case and process upset project case). Specif-
ically, in both the project case and the process upset project case, EHQs
greater than 1 were noted for selenium in the case of the minkTable 7
Maximum predicted and/or measured NO2 concentrations and corresponding phytotoxicity b
Bolded values represent exceedances of at least one relevant guideline.
Project scenarios Case Maximum obse
evaluated locati
1 h 24 h
Existing conditions Baseline 65 58
Baseline trafﬁc 129 94
Operation Project alone 54 6
Project (baseline + project) 119 64
Process upset 89 10
Process upset project (baseline + upset) 153 68
Trafﬁc 193 101
a National Ambient Air Quality Objective (Government of Canada, 1999).
b No WHO benchmark available for this time period.(EHQ ≤ 1.8), and vanadium in the case of the American robin, belted
kingﬁsher, mallard duck, and wild turkey receptors (EHQ ≤ 3.9). In
these cases, the source of the exceedance was always the baseline
value (the proportion of COPC from existing baseline conditions was
N99.9% in all cases).
3.3.2. Freshwater and sediment receptors
For most freshwater and sediment receptors, COPC, and operational
scenarios, the EHQ values did not exceed the regulatory benchmark of 1
(Table 5, Supporting Information, Section S7). As noted for mammalian
and avian receptors, the only exceedances noted were for operational
scenarios that also incorporated the baseline conditions (i.e., the project
case and process upset project case) (Table 5, Supporting Information,
Section S7). The contribution of existing baseline conditions to the
exposure point concentrations responsible for the exceedances was
N80% in all cases.
3.3.3. Exposure of vegetation to SO2, NO2 and HF
The only exceedances of relevant national, provincial orWHOguide-
lines observed for anticipated SO2, NO2 and HF concentrations in air
under operational scenarios (Tables 6–8, Supporting Information,
Section S7) were for scenarios that incorporated baseline conditions
(i.e., the project case, process upset project case, and trafﬁc case). In
all cases, these exceedances were based primarily on existing baseline
conditions (baseline conditions contributed N93% to anticipated air
concentrations).
3.4. Risk characterization: Operational scenarios (400,000 tonnes per
year)
For comparison purposes, an ecological risk assessment was also
performed that considered the possible expansion of the facility to
its maximum design operating capacity of 400,000 tonnes per year.
This assessment was performed using identical methods andenchmarks (μg × m−3) for baseline and operating scenarios (140,000 tonnes per year).
rved for all
ons
NAAQOa World Health Organization
Annual 1 h 24 h Annual 1 hb 24 h Annual
37 400 200 100 – 75 30
44
0.18 400 200 100 – 75 30
37
0.18
37
44
Table 8
Maximum predicted and/or measured HF concentrations and corresponding phytotox-
icity benchmarks (μg × m−3) for baseline and operating scenarios (140,000 tonnes per
year).
Project
scenarios
Case Maximum observed
for all evaluated
locations
Benchmarkab
1 h 24 h Annual 1 h 24 h Annual
Existing
conditions
Baseline NAc NAc NAc – 0.86 –
Operation Project alone 0.4 0.044 0.0013 – 0.86 –
Project
(baseline + project)
NAc NA NAc
Process upset 4 0.44 0.0019
Process upset project
(baseline + upset)
NAc NA NAc
a Benchmark is Ontario Reg. 419/05 Schedule 3 for gaseous ﬂuorides (as HF) during
the growing season (MOE, 2005).
b No benchmarks available for 1 h or annual averages.
c Baseline data not available for HF. Project case and process upset project case
scenarios can therefore not be quantiﬁed.
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sessment, except that the facility related emissions were increased.
Most of the conclusions of this assessment were similar to those iden-
tiﬁed for operational scenarios at 140,000 tonnes per year (i.e., most
observed risks were related to existing baseline conditions and/or
substitution of the detection limit for undetected values rather than
facility-related emissions) (Supporting Information, Section S8). The
only exception observed was a minor exceedance for benzo(g,h,i)
perylene for freshwater receptors (max. SR of 1.1 noted at one recep-
tor location) under projected ‘process upset’ conditions. However, the
SR for freshwater receptors for the same compound under baseline
conditions was 500 (Table 5), therefore the slight exceedance noted
with respect to process upset conditions alone is not expected to
result in any signiﬁcant change in toxicity to freshwater receptors in
comparison to existing baseline conditions.
3.5. Decommissioning and abandonment
Decommissioning and abandonment of the facility are not
expected to occur for several decades. Similar to the construction
case, it is expected that this process would entail short-term, localized
emissions of air contaminants. While it is unlikely that these activities
would signiﬁcantly increase any potential risk to ecological health, it
is expected that a more current assessment of these potential risks
would be conducted prior to the commencement of decommissioning
activities. Consequently, the prediction of risks to ecological health
from decommissioning and abandonment was not undertaken in
this assessment.
3.6. Risk characterization for species at risk
The possible risk of COPC exposure to potential species at riskwithin
the LRASA was assessed through the use of surrogate species with sim-
ilar ecological niches (Table 3). As discussed in Section 2.8.1, if the TRV
used in the calculation of the EHQ or SR for these species was derived
from a LOAEL rather than a NOAEL, then the acceptable threshold for
toxicity was modiﬁed downward from 1.0 to 0.33 as suggested by the
Ohio EPA (2008). Therefore, it is important to note that in the baseline
case, project case, and process upset project case for both the 140,000
and 400,000 tonne per year operations, EHQ greater than 0.33 were
noted for the surrogate species American robin (vanadium and zinc),
wild turkey (vanadium) and great blue heron (vanadium) (Supporting
Information, Sections S7–S8).
These results suggest that the avian species at risk for which robin,
turkey and heron act as surrogates may be at unacceptable risk fromexposure. However, these EHQs were entirely driven by the ﬁndings
in the baseline case as discussed in Section 3.1.1. Given that the
migratory aspects of these ecological receptors were not taken into
consideration and that the surrogate species were considered to
spend 100% of their time within the LRASA (and thus obtain all food
resources from the LRASA), the EHQs for birds exceeding the accept-
able toxicity threshold of 0.33 for zinc and vanadium do not necessar-
ily represent an unacceptable risk to the SAR population within the
LRASA.
3.7. Risk characterization for inhalation route of exposure
As discussed in Section 2.7.2, the current state of knowledge on
inhalation toxicity does not permit an ecologically relevant quantitative
assessment of this pathway for most COPC. As an alternative to
conducting a quantitative risk assessment based on the inhalation
pathway for ecological receptors, human receptor exposure to average
annual COPC concentrations was used as a surrogate for ecological
risk assuming that if humans are adequately protected against inhala-
tion risks, so too will ecological receptors. The results of this human
health risk assessment, presented in Ollson et al. (2013), indicated
that no chronic or acute concentration ratio (CR) estimates for individ-
ual COPC exceeded the benchmark of 1 for the baseline case, project
alone case, project case, process upset case, process upset project case
or trafﬁc case in the 140,000 tonne per year scenario. Therefore, no
risk from individual COPC is expected for all ecological receptors
present within LRASA for the 140,000 tonne per year assessment
scenario.
For the 400,000 tonne per year scenario, slightly elevated potential
risks above the government benchmarks for human health were
noted in the process upset case for acute (1 h) exposure to hydrogen
chloride (CR = 1.0). However, in the determination of this risk value,
it was assumed that the facility was operating under upset conditions
for an entire hour and that this occurred at the same time as the
worst case meteorological conditions. Because the probability of this
scenario actually occurring is very low, human (and by extension
ecological) receptors were considered unlikely to be at risk from hydro-
gen chloride during process upsets. For all other COPC, no CR estimates
for individual COPC exceeded the benchmark of 1 for the baseline case,
project alone case, project case, process upset case, process upset
project case or trafﬁc case in the 400,000 tonne per year assessment
scenario, indicating that there is negligible risk to humans exposed to
air concentrations from all sources in the LRASA.
4. Uncertainty analysis
Uncertainty is inherent to many aspects of ERA. The level of uncer-
tainty depends upon the availability and quality of information, as
well as the variability associatedwithmany of the processes and factors
being considered. When conducting risk assessments, it is standard
practice to implement conservative assumptions (i.e., to make assump-
tions that are inherently biased towards safety) when uncertainty is
encountered. This strategy generally results in an overestimation of
actual risk, which helps ensure that the overall ERA conclusions would
be protective of the health of ecological receptors. Some of the conser-
vative assumptions applied in this risk assessment include the use of
method detection limits to represent chemical concentrations and
the assumption that all ecological receptors will spend 100% of their
lifetime within the LRASA. A full accounting of the assumptions and
uncertainties relied upon in this HHRA is provided in the Supporting
Information (Section S9).
5. Conclusions
The advantage of applying this ERA approach was that it allowed
for a conservative assessment of the potential for ecological receptors
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mental effects as a result of exposure to chemical emissions from a
facility that had not yet been constructed. Although the research
and monitoring data speciﬁc to similar modern EFW facilities in
Europe suggested that these facilities would not be hazardous to
human health or to the environment (Bordonaba et al., 2011;
Cangialosi et al., 2008; Lee et al., 2007; Morselli et al., 2011; Rovira
et al., 2010; Schuhmacher and Domingo, 2006), data speciﬁc to
Ontario were not previously available. Overall, the results of this
ERA indicated that chemical emissions from the proposed EFW facil-
ity would not lead to any unacceptable risks to ecological receptors
in the LRASA under either the initial operating design capacity
of 140,000 tonnes per year or the maximum design capacity of
400,000 tonnes per year. Although some unacceptable risk was iden-
tiﬁed in relation to existing baseline conditions, this risk was attributed
to conservativemodeling assumptions that overestimate the actual risk
present (e.g., use of method detection limits to represent chemical
concentrations) and/or pre-existing natural or anthropogenic condi-
tions that correlate to baseline risk. These pre-existing natural or
anthropogenic conditions were generally shown not to differ from
those of similar urbanized areas in Ontario (Ollson et al., 2013).Acknowledgments
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